Induction of DNA strand breaks associated with apoptosis during treatment of leukemias.
A new flow cytometric method is described to detect DNA strand breaks associated with apoptosis, by labeling the 3'-OH termini in the breaks with biotinylated dUTP in a reaction employing exogenous terminal deoxynucleotidyl transferase. The method has been applied in studies on leukemic HL-60 and MOLT-4 cell lines to reveal whether it is specific to apoptotic cells, and whether it can be used in the clinic to detect DNA breakage in leukemic cells during chemotherapy. There was labeling of mononuclear cells in peripheral blood of all 11 patients studied during chemotherapy for acute lymphoblastic, acute myelogenous, or chronic myelogenous leukemia (ALL, AML, or CML) in blastic crisis, indicating induced DNA damage; the number of labeled cells increased from 1-8% before treatment up to 80% during the course of treatment. The DNA topoisomerase inhibitors mitoxantrone, VP-16 (etoposide), and m-AMSA (amsacrine) were more effective in inducing DNA breaks than was hydroxyurea or cytosine arabinoside (AraC). Cells with DNA breaks were identified in peripheral blood for up to 5 days following administration of Mitoxantrone and VP-16. In the case of DNA aneuploid leukemias, the DNA breaks were predominant in the aneuploid cell subpopulations, whereas presumably non-neoplastic diploid cells were unlabeled. In one case of ALL there were two distinct subpopulations of aneuploid cells: one responded to the treatment (by DNA breakage) and the other was non-responding. Thus, cells undergoing apoptosis can be detected by this method of labeling DNA strand breaks and the technique is applicable for analysis of response of leukemic cells to chemotherapy. With this method it may be possible to identify tumor cell sensitivity or resistance to particular drugs early in the course of treatment.